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the present application entitled CIRCUIT, which is 
International Application No. PCT/IB03/050015 , 
published as WO 2004/045255 {Exhibit A) ; 

to issue a corrected Filing Receipt and a Notice of 
Acceptance of Application under 35 U.S.C 371 and 37 CFR 
1.495; and 

to obtain from the International Bureau (IB) a 
certified copy of Foreign Priority Application, namely, 
EP 02079686.8, filed on November 11, 2002, as claimed 
under 35 USC 119 in the executed Declaration of file, 
which refers to the correct incorrect International 
Application No. PCT/IB03/ 050015 (published as WO 
2004/045255 . 
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incorrectly added a zero at the beginning of the incorrect No. 
05015 to result in No. PCT/IB03/005015 , published as WO 
2 004/053514, and entitled "Magnetic Resonance Imaging System 
with a Plurality of Transmit Coils." The -file wrapper of the 
present application includes this incorrect application and 
associated certified copy of Foreign Priority Application, 
namely, EP 02080152.8. 
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correct International Application No. is PCT/IB03/050015 (and 
not PCT/IB03/05 015) , such as recited in the executed 
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executed by Roy Hendrik Anna Maria Van Zundert to Koninklijke 
Philips Electronics, N.V. , recorded on Reel/Frame Nos . 
017357/0653 (copies enclosed as Exhibits D and E) . 

Further, a Preliminary Amendment (Exhibit F) filed 
concurrently with the Transmittal Letter Form PTO-1390 on May 
9, 2 0 05, amends the correct set of claims associated with 
International Application No. PCT/IB03/050015 (published as WO 
2004/045255) , which claims are different from those in 
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International Application No. PCT/IB03/005015 (published as WO 
2004/053514, and a copy enclosed as Exhibit G) . 

Accordingly, it is apparent that the intended application 
is International Application No. is PCT/IB03/050015 (and not 
PCT/IB03/05015) . 
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Circuit arrangement 



The invention relates to a circuit arrangement for operating a high pressure 
discharge lamp comprising 

- input terminals for connection to a supply voltage source, 

- a DC-DC-converter coupled to the input terminals for generating a DC current out of a 
5 supply voltage supplied by the supply voltage source and comprising 

- a control loop for controlling the DC current at a value that is represented by a reference 
signal Sref, 

- a control circuit for adjusting the reference signal Sref, and 

- an output capacitor, 

10 - a commutator for commutating the DC current and comprising lamp connection 
terminals. 

Such a circuit arrangement is known and is for instance often used to operate 
15 ultra high pressure lamps in projection equipment. In practice the commutator often 

comprises a full bridge circuit and the frequency of commutation often is in the order of 
magnitude of 10 Hz or 100 Hz. Between two subsequent commutations the DC current is 
controlled at a constant value represented by the reference value Sref for most of the time. As 
a consequence the current through the high pressure discharge lamp is a low frequency 
20 substantially square wave shaped AC current. It has been found that the high pressure 
discharge lamp can be operated in a stable and efficient way by means of such a current. 
Several problems are associated with the commutation of the DC current. For a short time 
lapse during the commutation all the switching elements comprised in the bridge circuit are 
non-conductive, so that no current is supplied to the bridge circuit by the DC-DC-converter. 
25 As a consequence the voltage across the output capacitor increases during this short time 

lapse. This increase in voltage across the output capacitor causes an increase in lamp current 
directly after the commutation. This increase in lamp current is undesirable since it causes the 
lamp to temporarily generate more light so that the light output is not substantially constant. 
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In practice this temporary increase in the voltage across the capacitor, 
commonly referred to as "overshoot", is often counteracted by temporarily decreasing the 
value of Sref in the direct vicinity of a commutation. The decrease in Sref, often referred to 
as "dip", causes the DC-current to temporarily have a comparatively low value during a small 

5 time lapse. As a result the overshoot caused by the commutation is suppressed to a large 
extent. The dip can be considered as a modulation of the reference signal Sref that is taking 
place with the same frequency as the commutation of the DC-current. The "dip" is 
characterized by dip parameters such as ASref (the depth of the dip), the time lapse during 
which Sref is maintained at the decreased level, the rate at which Sref is decreased at the 

10 beginning of the dip, the rate at which Sref is increased at the the end of the dip and the phase 
relation between the modulated signal Sref and the the lamp current. It has been found that 
different types of high pressure lamps require a different setting of the dip parameters in 
order to obtain a maximal suppression of the overshoot. Similarly, it has also been found that 
high pressure discharge lamps of the same type but with a different "age" (= number of hours 

15 that the lamp has burned), require a different setting of the dip parameters for an optimal 
suppression of the overshoot. As a consequence the overshoot suppression implemented in 
the known circuit arrangements is only optimized for one particular lamp type and even only 
for one particular age of that lamp. 

Another problem associated with the commutation of the DC current is that it 

20 effects a substantially stepwise change in the load of the circuit arrangement. This stepwise 
change in the load of the circuit arrangement causes the down converter output capacitor to 
resonate with components included in the commutator such as an ignition choke and/or with 
the lamp. Consequently an AC-current of compatively high frequency is superimposed on the 
lamp current and an AC voltage of identical frequency is superimposed on the voltage across 

25 the output capacitor. This resonance in turn often causes audible noise and influences the 
light output of the lamp. Furthermore this resonance can damage the lamp. 

The invention aims to provide a circuit arrangement for operating a high 
30 pressure discharge lamp in which the problems associated with the commutation of the DC- 
current are effectively counteracted for many different types of high pressure discharge lamps 
during their complete life time. 

A circuit arrangement as mentioned in the opening paragraph is therefore 
according to the invention characterized in that the control circuit comprises means for 
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adjusting the reference signal Sref in dependency of the amplitude of a periodical voltage 
that is present across the output capacitor and is caused by the commutation of the DC 
current. 

In a circuit arrangement according to the invention the signal Sref is adjusted 
5 in dependency of the amplitude of the periodical voltage that is present across the output 
capacitor and is caused by the commutation of the DC-current. This periodical voltage can be 
the overshoot voltage but can also be the an AC voltage caused by resonance between the 
output capacitor of the DC-DC-converter on the one hand and (a) component(s) of the 
commutator and/or the high pressure discharge lamp on the other hand. The adjustment of 
1 0 Sref in dependency of the periodical voltage present across the output capacitor results in an 
effective suppression of these periodical voltages. It has been found that in a circuit 
arrangement according to the invention the periodic voltage across the output capacitor is 
effectively suppressed for many different types of high pressure discharge lamps. It has also 
been found that this effective suppression was maintained during the whole life time of the 
15 lamp. 

In a first preferred embodiment of a circuit arrangement according to the 
invention, the control circuit comprises circuitry for generating a signal Scorr that represents 
the momentary amplitude of the AC voltage across the output capacitor and circuitry for 
subtracting the signal Scorr from the reference signal Sref. The control circuit in this first 

20 preferred embodiment is comparatively simple and can also be implemented in a 

comparatively simple way. The circuitry for generating the signal Scorr may comprise a filter 
that passes a frequency band around the frequency of the resonance. 

Good results have been obtained for embodiments of a circuit arrangement 
according to the invention, wherein the signal Scorr is proportional to the momentary 

25 amplitude of the AC voltage across the output capacitor. When a high pressure discharge 
lamp ages, its impedance changes. It has been found that a very effective suppression of the 
AC voltage is obtained, in case the circuit arrangement is equipped with circuitry for 
adjusting the ratio between the signal Scorr and the amplitude of the AC voltage across the 
output capacitor in dependency of the age of the lamp. More in particular the ratio between 

30 the signal Scorr and the momentary amplitude of the AC voltage across the output capacitor 
is decreased when the lamp ages. To this end the circuit arrangement could comprise a timer 
for measuring the number of hours during which the lamp bums and means for adjusting the 
ratio between the signal Scorr and the amplitude of the AC voltage in dependency of this 
number of hours. It has been found, however, that a very simple and effective 
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implementation can be realized by adjusting the ratio between the signal Scorr and the 
momentary amplitude of the AC voltage in dependency of the lamp voltage, since the lamp 
voltage increases when the lamp ages. 

In a second preferred embodiment of a circuit arrangement according to the 
5 invention, the control circuit comprises 

- a first circuit part for generating a signal Scorr that represents the peak amplitude of the 
overshoot voltage across the output capacitor, 

- a second circuit part for modulating the reference signal Sref at a modulation frequency 
that equals the frequency of the commutation of the DC current by subsequently 

1 0 - decreasing the reference signal Sref by an amount ASref during a first time interval 
Atl that starts a second time interval At2 before each commutation of the DC current, 

- maintaining the reference signal at the decreased value during a third time interval 
At3, 

— increasing the reference signal Sref by an amount ASref during a fourth time interval 
15 At4, 

- a third circuit part for adjusting at least one parameter chosen from the group formed by 
ASref, Atl, At2, AG and At4 so that the amplitude of the signal Scorr is minimal. 

The third circuit part in this second preferred embodiment allows a very 
precise control of one or more of the dip parameters resulting in a very effective suppression 

20 of the overshoot voltage. The adjusting of the one or more dip parameters is preferably done 
by means comprised in the third circuit part for increasing and decreasing the value of the 
parameter until the amplitude of the signal Scon is minimal. Although the adjustment of only 
one of the parameters until the amplitude of Scorr is minimal effects a certain suppression of 
the overshoot voltage, it is preferred that the third circuit part comprises means for adjusting 

25 at least 2 parameters chosen from the group formed by ASref, Atl , At2, At3 and At4 so that 
the amplitude of the signal Scorr is minimal. 

Good results have been obtained for embodiments, wherein the third circuit 
part comprises means for adjusting the parameters ASref, At2 and At3 so that the amplitude of 
the signal Scorr is minimal. The adjustment of the parameters is preferably effected by means 

30 of a microcontroller. 
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Embodiments of a circuit arrangement according to the invention will be 
explained making reference to a drawing. In the drawing 

Fig. 1 shows a first embodiment of a circuit arrangement according to the 
invention, with a lamp connected to it; 
5 Fig. 2 shows a second embodiment of a circuit arrangement according to the 

invention with a lamp connected to it, and 

Fig. 3 shows the shape of the modulated signal Sref and the current through 
the lamp in the second embodiment as a function of time. 

10 

In Fig. 1, Kl and K2 are input terminals for connection to a supply voltage 
source. Input terminals Kl and K2 are connected by means of a series arrangement of a 
switching element Sd, an inductive element LI, an output capacitor Cout and an ohmic 
resistor R3. A common terminal of output capacitor Cout and ohmic resistor R3 is connected 

15 to a common terminal of switching element Sd and inductor LI by means of a diode Dl . 
CSG is a circuit part for generating a control signal for alternately rendering switching 
element Sd conductive and non-conductive. An output terminal of circuit part CSG is 
coupled to a control electrode of switching element Sd. A first input terminal of circuit part 
CSG is coupled to input terminal K2. A second input terminal of circuit part CSG is 

20 connected to an output terminal of circuit part ADD. Circuit part ADD is a circuit part for 
generating at its output terminal a signal that is the sum of a first signal present at a first input 
terminal of circuit part ADD and a second signal present at a second input terminal of circuit 
part ADD. The first input terminal of circuit part ADD is connected to an output terminal of 
circuit part Srefgen. Circuit part Srefgen is a circuit part for generating a reference signal 

25 Sref. Output capacitor Cout is shunted by a series arrangement of capacitors CI and C2. A 
common terminal of capacitors CI and C2 is connected to a first input terminal of operational 
amplifier AMP by means of an ohmic resistor Rl. A second input terminal of operational 
amplifier AMP is connected to ground potential An output terminal of operational amplifier 
AMP is connected to the first input terminal of operational amplifier AMP by means of an 

30 ohmic resistor R2. The output terminal of operational amplifier AMP is also directly 

connected to the second input terminal of circuit part ADD. The operational amplifier AMP 
and ohmic resistors Rl and R2 together form an amplifier. Switching element Sd, circuit part 
CSG, inductive element LI, output capacitor Cout, capacitors CI and C2, diode Dl, ohmic 
resistor R3, the amplifier, circuit part Srefgen and circuit part ADD together form a DC-DC-. 
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converter for generating a DC current out of a supply voltage supplied by the supply voltage 
source. In the embodiment shown in Fig. 1 this DC-DC-converter is of the down-converter 
type. Circuit part Srefgen, ohmic resistor R3 and part of the contents of circuit part CSG 
together form a control loop for controlling the DC current at a value that is represented by 

5 the reference signal Sref. Capacitors CI and C2, the amplifier and circuit part ADD together 
form a control circuit for adjusting the reference signal Sref. Capacitors CI and C2, the 
amplifier and circuit part ADD together also form means for adjusting the reference signal in 
dependency of the amplitude of an AC voltage that is present across the output capacitor and 
is caused by the commutation of the DC current. Capacitors CI and C2 and the amplifier 

10 together form circuitry for generating a signal Scorr that represents the amplitude of the AC 
voltage over the output capacitor Cout. The amplifier is layed out in such a way that the 
signal 

(- Scorr) present at its output is proportional to the momentary amplitude of 
the AC voltage that is present across the output capacitor Cout but has a polarity that is 
1 5 opposite to the polarity of the AC voltage. For this reason the circuit part ADD generates at 
its output terminal a signal that equals Sref - Scorr. Therefor the amplifier together with the 
circuit part ADD forms circuitry for subtracting the signal Scorr from the reference signal 
Sref. 

Output capacitor Cout is shunted by a series arrangement of swiching element 
20 SI and switching element S2 and also by a series arrangement of switching element S3 and 
switching element S4. A common terminal of switching element SI and switching element 
S2 is connected to a common terminal of switching element S3 and switching element S4 by 
means of a series arrangement of ignition inductor Lign and capacitor Cres. Capacitor Cres is 
shunted by an ultra high pressure discharge lamp LA connected to lamp conection terminals 
25 K3 and K4 present at respective sides of capacitor Cres. The lamp LA can for instance be a 
high pressure lamp or an ultra high pressure lamp such as used in beamers and projection 
television. Control electrodes of the switching elements S1-S4 are coupled to respective 
output terminals of a circuit part BC for generating control signals for controlling the 
conductive state of switching elements S1-S4. In Fig. 1 this coupling is indicated by means of 
3 0 dotted lines. Switching elements S 1 -S4, circuit part BC, ignition inductor Lign, lamp 

terminals K.3 and K4 and capacitor Cres together form a commutator for commutating the 
DC current generated by the DC-DC-converter. 

The operation of the circuit arrangement shown in Fig. 1 is as follows. 
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When the input terminals Kl and K2 are connected to a supply voltage source 
that in case of the embodiment shown in Fig. 1 supplies a DC supply voltage, the circuit part 
CSG generates a control signal that renders the switching element Sd alternately conductive 
and non-conductive at a high frequency, for instance 100 kHz. As a result a DC voltage with 

5 a lower amplitude than the DC supply voltage is present over the output capacitor Cout, 
while a DC current is supplied to the commutator. The circuit part BC controls the switches 
S1-S4 alternately in two different states. In the first state the switching elements SI and S4 
are conductive and the switching elements S2 and S3 are non-conductive. In the second state 
the switching elements S2 and S3 are conductive and the switching elements SI and S4 are 

10 non-conductive. 

When the lamp has not yet ignited, the frequency at which the circuit part BC 
changes the conductive state of the switches S1-S4 is comparatively high, so that the ignition 
inductor resonates with the capacitor Cres. As a result a comparatively high voltage is present 
across capacitor Cres that ignites the lamp. After ignition of the lamp the frequency at which 

15 the circuit part BC changes the conductive state of the switches S1-S4 is comparatively low, 
for instance 90 Hz. As a result the lamp current is a low frequency substantially square wave 
shaped AC current. For a very short time lapse between the two states all the switching 
elements are maintained in the non-conductive state to prevent the switching elements that 
are part of the same series arrangement to be conductive at the same time and thereby 

20 forming a short circuit. During this very short time lapse the load of the DC-DC-converter is 
zero. Before and after this very short time lapse the load of the DC-DC-converter differs from 
zero. The abrupt change in the load taking place during commutation causes the output 
capacitor Cout and the lamp LA to resonate. When there is no resonance between the output 
capacitor Cout and the lamp LA and thus no AC voltage present across the output capacitor 

25 Cout, the signal at the second input terminal of circuit part ADD is approximately equal to 
zero. The signal present at the output terminal of circuit part ADD and also at the first input 
terminal of circuit part CSG therefore equals Sref. The voltage over ohmic resistor R3 
represents the actual value of the DC current generated by the DC-DC-converter and is 
present at the second input terminal of circuit part CSG. A comparator comprised in the 

30 circuit part CSG compares the signals present at the input terminals of the circuit part CSG 
and generates an error signal that influences the frequency and/or the duty cycle of the 
control signal generated by the circuit part CSG in such a way that the DC current is 
maintained at a value that corresponds to the value of the reference signal Sref. When the 
output capacitor Cout and the lamp LA resonate as a result of a commutation, an AC voltage 
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is present across output capacitor Cout Capacitors CI and C2 together with the amplifier 
generate a signal Scorr that represents the momentary amplitude of the AC voltage that is 
present across the output capacitor Cout. As explained hereabove the amplifier is layed out in 
such a way that the signal (-Scorr) present at the second input terminal of circuit part ADD is 

5 proportional to the amplitude of the AC voltage across the output capacitor Cout but has a 
polarity that is opposite to the polarity of the AC voltage. As a consequence the signal 
present at the output of circuit part ADD equals Sref - Scorr. The value of the signal present 
at the first input terminal of circuit part CSG is thus decreased and as a result of that, the 
amplitude of the DC current generated by the DC-DC-converter is also decreased. As a 

10 consequence the resonance between the output capacitor Cout and the lamp LA is effectively 
suppressed. Since the extent to which the reference signal is changed (Scorr) is directly 
influenced by the momentary amplitude of the AC voltage across output capacitor Cout, the 
change in the reference signal is automatically adjusted for different lamp types to a value 
that corresponds to maximal resonance suppression. Similarly, when a lamp of a certain type 

1 5 ages, the change in the reference signal (Scorr) is also adjusted automatically to realize an 
effective suppression of the resonance during the whole life time of the lamp. A further 
improvement can be obtained by adjusting the ratio between the signal Scorr and the 
amplitude of the AC voltage in dependency of the age of the lamp. This can for instance be 
realized by incorporating a timer into the circuit and controlling the gain of the amplifier in 

20 dependency of the time lapse timed by the timer. It is simpler though, to incorporate in the 
circuit arrangement a circuit part for generating a signal that represents lamp voltage and 
decrease the gain of the amplifier when the lamp voltage increases or in other words when 
the lamp ages.This gain adjustment compensates for the change in the impedance of the lamp 
when it ages. It is further remarked that a filter could be incorporated into the circuit, coupled 

25 between the common terminal of capacitors CI and C2 and the amplifier for passing the AC 
voltage caused by the resonance between the output capacitor Cout and the lamp LA from 
other AC voltages possibly present across the output capacitor, such as the voltage ripple 
caused by the switching of switching element Sd, 

In Fig. 2, components and circuit parts that are similar to components and 

30 circuit parts of the circuit arrangement shown in Fig. 1 are labeled in the same way. The 
topology of the circuit arrangement shown in Fig. 2 differs from that of the circuit 
arrangement in Fig. 1 in that the amplifier formed by the operational amplifier AMP and the 
olimic resistors Rl and R2 has been replaced by a microprocessor uP. Additionally the 
capacitors CI and C2 have been replaced by a circuit part PD. Circuit part PD is peak 
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detector. An input terminal of circuit part PD is connected to a common terminal of output 
capacitor Cout and inductive element LI. An output terminal of the circuit part PD is coupled 
to an input terminal of microprocessor uP. An output terminal of microprocessor \iP is 
coupled to the second input terminal of circuit part ADD. The microprocessor uP together 

5 with circuit part ADD forms a second circuit part part for modulating the reference signal 
Sref at a modulation frequency that equals the frequency of the commutation of the DC 
current by subsequently decreasing the reference signal Sref by an amount ASref during a 
first time interval Atl that starts a second time interval At2 before each commutation of the 
DC current, maintaining the reference signal at the decreased value during a third time 

10 interval At3, and increasing the reference signal Sref by an amount ASref during a fourth time 
interval At4. The moment in time referred to as commutation is the end of the commutation 
process, or in other words the moment in time in which two bridge switching elements have 
been rendered conductive directly after all four switching elements of the bridge circuit have 
been maintained in a non-conductive state for a short time lapse. 

1 5 The microprocessor uP also forms a third circuit part for adjusting at least one 

parameter chosen from the group formed by ASref, Atl, At2, A6 and At4 so that the 
amplitude of the signal Scorr is minimal. In the embodiment shown in Fig. 2 the 
microprocessor comprises means for adjusting the parameters ASref, At2 and At3 so that the 
amplitude of the signal Scorr is minimal. 

20 The operation of the circuit arrangement shown in Fig. 2 is as follows. 

During stationary operation of the circuit arrangement the DC-DC-converter 
and the commutator operate in the same way as in the circuit arrangement shown in Fig. 1. 
The peak detector PD comprised in the circuit arrangement in Fig. 2 generates a signal Scorr 
that represents the peak amplitude of the overshoot voltage over the output capacitor Cout. 

25 The peak detector can for instance comprise a circuit that samples the voltage present at the 
input terminal of the circuit part PD a number of times during and after the commutation 
process and subsequently selects the highest value of the sampled voltages. The value of the 
signal Scoix is found by subtracting the amplitude of the DC voltage, that is present across 
the across output capacitor during the major part of each half period of the lamp current, from 

30 the highest value of the sampled voltages. This subtracting is done by another circuit 

comprised in the circuit part PD. The microprocessor uP generates a modulation signal and 
together with the circuit part ADD modulates the reference signal Sref with a frequency that 
equals the commutation frequency by subsequently decreasing the reference signal Sref by an 
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amount ASref during a first time interval Atl that starts a second time interval At2 before 
each commutation of the DC current, maintaining the reference signal at the decreased value 
during a third time interval At3, and increasing the reference signal Sref by an amount ASref 
during a fourth time interval At4. The resulting shape of the modulated reference signal is 
5 shown in Fig. 3. It can be seen that the value of Sref is constant most of the time but the 
modulation results in a periodical temporary decrease of the reference signal Sref. These 
periodical decreases start at a time interval At2 before commutation and have a shape that is 
determined by the parameters ASref, Atl, At3 and At4. During the commutation process the 
following events take place. First, the two conductive switching elements of the bridge circuit 

10 are rendered non-conductive. Subsequently all four switching elements are maintained in a 
non-conductive state during a short time lapse and the other two switching elements are 
rendered conductive.The moment in time labelled "commutation" in Figure 3 is the moment 
at which two switches of the bridge circuit have become conductive again (in other words the 
end of the comutation process). Fig. 3 also shows the shape of the lamp current as a function 

15 of time. The lamp current has a constant amplitude most of the time. A time lapse At2 before 
each commutation the amplitude decreases during the time interval Atl. The amplitude of 
the lamp current is then maintained at a constant value during the time interval At3. In the 
example in Fig. 3 the moment in time labelled "commutation" is in the course of the time 
interval At3. After the time interval At3 the amplitude of the lamp current increases back to 

20 its original value during the time interval At4. It is noteworthy that Atl is not necessarily 

equal to At4 and that the moment in time labelled "commutation" is not necessarily precisely 
situated in the middle of the time interval At3 but may at another time depending on for 
instance the value of At2. 

During operation of the circuit arrangement, the microprocessor adjusts the 

25 values of the parameters ASref, At2 and At3 continuously in the following way. The value of 
the signal Scqrr is saved in a memory. Subsequently parameter ASref is increased by a 
predetermined amount and the value of the signal Scorr after the increase of ASref is 
compared with the value before the increase that was saved in the memory. In case the signal 
Scorr is decreased as a result of the increase of ASref, the new value of Scorr is saved in the 

30 memory by overwriting the previous value and ASref is increased once more by the 
predetermined amount. This procedure is repeated until an increase in ASref causes the 
signal Scorr to increase. In the latter case ASref is decreased by the predetermined amount 
and the resulting value of Scorr is saved in the memory by overwriting the previous value. In 
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case the first increase of ASref causes an increase in the signal Scorr the microprocessor 
decreases the value ASref until a further decrease causes an increase in the signal Scorr. The 
signal Scorr is thus minimalized by adjusting the parameter ASref. The microprocessor 
subsequently increases and decreases the parameter At2 until a minimal value of the signal 
5 Scorr results, in the same way as outlined hereabove for the parameter ASref. After the 

adjustment of parameter At2, parameter At3 is adjusted at a value corresponding to a minimal 
value of the signal Scorr. After the adjustment of parameter At3 the microprocessor 
subsequently adjusts ASref, At2 and At3 again etc. Because of the continuous adjustment of 
the parameters ASref, At2 and At3 the modulation of the reference signal Sref is 

10 continuously and automatically adapted to different lamps that are operated by means of the 
circuit arrangement Similarly the changes in lamp properties with life time are continuously 
and automatically accounted for. As a result a maximal suppression of overshoot voltage is 
obtained for many different lamp types during their whole life time. Since the parameters 
determining the shape of the modulation of the reference signal Sref can be adjusted 

1 5 independently from each other, the shape of the modulation can be changed in many different 
ways resulting in practice in a very effective suppression of the overshoot voltage. 

Merely by way of example the functioning of the circuit arrangement shown in 
Fig. 2 was described for an embodiment in which the parameters ASref, At2 and At3 are 
adjusted. Of course it is possible to let the microprocessor adjust all 5 parameters or 

20 otherwise less than 3 parameters. Adjustment of more parameters will generally lead to a 
better suppression of the overshoot voltage. 
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CLAIMS: 



1 . Circuit arrangement for operating a high pressure discharge lamp comprising 

- input terminals for connection to a supply voltage source, 

- a DC-DC-converter coupled to the input terminals for generating a DC cmxent out of a 
supply voltage supplied by the supply voltage source and comprising 

5 - a control loop for controlling the DC current at a value that is represented by a reference 
signal Sref, 

- a control circuit for adjusting the reference signal Sref, and 

- an output capacitor, 

- a commutator for commutattag the DC current and comprising lamp connection terminals, 
10 characterized in that the control circuit comprises means for adjusting the reference signal 

Sref in dependency of the amplitude of a periodical voltage that is present across the output 
capacitor and is caused by the commutation of the DC current. 

2. Circuit arrangement according to claim 1, wherein the control circuit 

1 5 comprises circuitry for generating a signal Scorr that represents the momentary amplitude of 
an AC voltage across the output capacitor and circuitry for subtracting the signal Scorr from 
the reference signal Sref. 

3 . Circuit arrangement according to claim 2, wherein the signal Scorr is 

20 proportional to the momentary amplitude of the AC voltage across the output capacitor. 

4. Circuit arrangement according to claim 3, wherein the circuit arrangement is 
equipped with circuitry for adjusting the ratio between the signal Scorr and the momentary 
amplitude of the AC voltage across the output capacitor in dependency of the age of the 

25 lamp. 

5. Circuit arrangement according to claim 4, wherein the circuit arrangement is 
equipped with circuitry for adjusting the ratio between the signal Scorr and the momentary 
amplitude of the AC voltage across the output capacitor in dependency of the lamp voltage. 
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6. Circuit arrangement according to claim 1, 2, 3, 4 or 5, wherein the control 
circuit comprises 

- a first circuit part for generating a signal Scorr that represents the peak amplitude of the 
5 overshoot voltage across the output capacitor, 

- a second circuit part for modulating the reference signal Sref at a modulation frequency 
that equals the frequency of the commutation of the DC current by subsequently 

- decreasing the reference signal Sref by an amount ASref during a first time interval 
Atl that starts a second time interval At2 before each commutation of the DC current, 

10 - maintaining the reference signal at the decreased value during a third time interval 
At3, 

- increasing the reference signal Sref by an amount ASref during a fourth time interval 
At4, 

- a third circuit part for adjusting at least one parameter chosen from the group formed by 
15 ASref, Atl, At2, At3 and At4 so that the amplitude of the signal Scorr is minimal. 

7. Circuit arrangement according to claim 6, wherein the third circuit part 
comprises means for increasing and decreasing the value of the parameter until the amplitude 
of the signal Scorr is minimal. 

20 

8. Circuit arrangement according to claim 6 or 7, wherein the third circuit part 
comprises means for adjusting at least 2 parameters chosen from the group formed by ASref, 
Atl, At2, At3 and At4 so that the amplitude of the signal Scorr is rninimal. 

25 9. Circuit arrangement according to claim 8, wherein the third circuit part 

comprises means for adjusting the parameters ASref, At2 and At3 so that the amplitude of the 
signal Scorr is rninimal. 



30 



10. Circuit arrangement according to claims 6, 7, 8 or 9, wherein the third circuit 

part comprises a microcontroller. 
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IN THE CLAIMS 
Please amend the claims as follows: 

1. (original) Circuit arrangement for operating a high pressure 
discharge lamp comprising 

input terminals for connection to a supply voltage source, 
a DC -DC -converter coupled to the input terminals for generating a 
DC current out of a supply voltage supplied by the supply voltage 
source and comprising 

a control loop for controlling the DC current at a value that is 
represented by a reference signal Sref, 

a control circuit for adjusting the reference signal Sref, and 
an output capacitor, 

a commutator for commutating the DC current and comprising lamp 

connection terminals, 
characterized in that the control circuit comprises means for 
adjusting the reference signal Sref in dependency of the amplitude 
of a periodical voltage that is present across the output capacitor 
and is caused by the commutation of the DC current. 

2. (original) Circuit arrangement according to claim 1, wherein 
the control circuit comprises circuitry for generating a signal 
Scorr that represents the momentary amplitude of an AC voltage 
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across the output capacitor and circuitry for subtracting the 
signal Scorr from the reference signal Sref. 

3. (original) Circuit arrangement according to claim 2, wherein 
the signal Scorr is proportional to the momentary amplitude of the 
AC voltage across the output capacitor. 

4. (original) Circuit arrangement according to claim 3, wherein 
the circuit arrangement is equipped with circuitry for adjusting 
the ratio between the signal Scorr and the momentary amplitude of 
the AC voltage across the output capacitor in dependency of the age 
of the lamp . 

5. (original) Circuit arrangement according to claim 4, wherein 
the circuit arrangement is equipped with circuitry for adjusting 
the ratio between the signal Scorr and the momentary amplitude of 
the AC voltage across the output capacitor in dependency of the 
lamp voltage. 

6. (currently amended) Circuit arrangement according to claim 1-r 
S-i — 3-7 — 4 ■■ or— 5 , wherein the control circuit comprises 
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- a first circuit part for generating a signal Scorr that 
represents the peak amplitude of the overshoot voltage across the 
output capacitor, 

- a second circuit part for modulating the reference signal Sref at 
a modulation frequency that equals the frequency of the 
commutation of the DC current by subsequently 

- decreasing the reference signal Sref by an amount ASref 
during a first time interval Atl that starts a second time 
interval At2 before each commutation of the DC current, 

- maintaining the reference signal at the decreased value 
during a third time interval At3, 

- increasing the reference signal Sref by an amount ASref 
during a fourth time interval At4, 

- a third circuit part for adjusting at least one parameter chosen 
from the group formed by ASref, Atl, At2, At3 and At4 so that the 
amplitude of the signal Scorr is minimal. 

7. (original) Circuit arrangement according to claim 6, wherein 
the third circuit part comprises means for increasing and 
decreasing the value of the parameter until the amplitude of the 
signal Scorr is minimal. 
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8. (currently amended) Circuit arrangement according to claim 6 
or 7 , wherein the third circuit part comprises means for adjusting 
at least 2 parameters chosen from the group formed by ASref, Atl, 
At2, At3 and At4 so that the amplitude of the signal Scorr is 
minimal . 

9. (original) Circuit arrangement according to claim 8, wherein 
the third circuit part comprises means for adjusting the parameters 
ASref, At2 and At3 so that the amplitude of the signal Scorr is 
minimal. 

10. (currently amended) Circuit arrangement according to claimc 
— 7-, — 8 or 9 claim 6 , wherein the third circuit part comprises a 

microcontroller. 
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REMARKS 



The foregoing amendments to the claims were made solely to 
avoid filing the claims in the multiple dependent form so as to 
avoid the additional filing fee. 

The claims were not amended in order to address issues of 
patentability and Applicants respectfully reserve all rights they 
may have under the Doctrine of Equivalents. Applicants furthermore 
reserve their right to reintroduce subject matter deleted herein at 
a later time during the prosecution of this application or 
continuing applications. 



Respectfully submitted, 



Robert TT Kraus, Reg, 26, 358 
Attorney 
(914) 333-9634 
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Magnetic resonance imaging system 

MAGNETIC RESONANCE IMAGING SYSTEM WITH A PLURALITY OF TRANSMIT COILS 

The invention relates to a magnetic resonance imaging (MRI) system 

comprising: 

an object space for receiving an object to be examined; 

a main magnet system for generating a main magnetic field in the object 

space; 

a gradient magnet system for generating gradients of the main magnetic field 
in the obj ect sp ace; 

a plurality of transmit coils located adjacent the object space; 

a coil drive circuit for generating a plurality of individual coil drive signals. 



In the magnetic resonance imaging (MRI) technique, proton spins of a body 
under examination, for example a human body, are excited; after excitation, the spins return 
to their equilibrium state and in this process they transmit an electromagnetic field which is 
called a free induction decay signal (FID). This FID signal can be received and MR images 
derived therefrom. Since the MR imaging technique is well known per se and the present 
invention does not relate to the MR imaging technique as such, the MR imaging technique 
will not be explained in more detail, herein. 

In the magnetic resonance imaging technique, a magnetic field is applied to 
the object under observation, the magnetic field having several components. The BO field is a 
strong, static field which aligns the spins in a state of equiUbrium. The Bl field is a high 
frequency field (normally a pulsed field) which excites the spins out of their state of 
equilibrium. The frequency of the Bl field depends on the application; it is usually in the 
radio frequency range (RF). Furthermore, gradient fields Gx, Gy and Gz are applied. 

The B 1 field may have components in X- and Y-directions, perpendicular to 
each other and to the BO field direction. The BIX and B1Y fields may exhibit a certain 
predetermined phase relationship with respect to each other. 
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As is commonly recognized, it is desirable that the Bl field is homogeneous or 
uniform within a certain measuring volume. This means that the spins of the nuclei in a 
volume of interest are all excited to the same extent by the magnetic field. 

MRI systems comprise transmit means, including transmit antennas or coils, 
for generating the magnetic field to be applied to the body under exarnination, and receive ' 
means, including receive antennas or coils, for receiving the signals transmitted by the nuclei 
of such a body. The desirability of a homogeneous Bl field implies the desirability of a 
transmit antenna having a homogeneous transmit characteristic. Furthermore, for measuring 
integrity it is desirable that the receive antenna has a homogeneous sensitivity characteristic, 
meaning that the receive antenna is sensitive to the same extent to all nuclei within me 
volume of interest. If the receiver has an inhomogeneous sensitivity characteristic, it is 
usually possible to compensate fortius aspect in subsequent image processing. However, if 
the transmit antenna has an inhomogeneous sensitivity characteristic, one consequence will 
be mat different portions within the volume of interest will be excited in a different manner; 
the differences in excitation may men depend on the deviations from homogeneity in a non ' 
linear way. This may lead to a loss of contrast in some portions of the volume of interest. 

Therefore, a general objective of the present invention is to provide an MRI 
system of the kind mentioned in the opening paragraph with improved homogeneity of the 
Bl field. 

A complicating factor in this respect is that the object in the volume of interest 
may have an effect on the B 1 field. Due to its electrical properties, this is especially the case 
for human tissue. Even if tbe transmit antenna were to have an ideal homogeneous 
characteristic, the magnetic field within the object under observation might be 
inhomogeneous due to distortions caused by the object itself. Such distortions may be due to, 
for example, internal resonances within the object, or to absorption by the object. 

A usual approach for compensating absorption is to increase transmit power 
However, one obvious disadvantage is an increase in power dissipation in the object under 
investigation, which is especially undesirable in the case of examination of a human patient. 

Therefore, the present invention aims to improve the homogeneity of the Bl 
field without substantially increasing overall transmit power, preferably even while reducing 
overall transmit power. & 

The desirability ofauniformBl field has already been recognized in prior art 
Previously proposed solutions iuclude, for instance, the use of composite RF pulses or the use 
of adiabatic pulses. Both approaches involve a substantial increase in RF dissipation within 
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the object under observation. Furthermore, composite RF pulses can only be used for a 
limited number of pulse types, for instance 90° pulses and 180° pulses; composite RF pulses 
do not solve the problem of providing, for instance, homogeneous 30° pulses. 

US-A-6.049.206 describes a complicated method which involves providing an 
initial, non-homogeneous Bl pulse and an additional pulse which consists of a phase 
modulation of the initial Bl pulse and has a time-dependent phase relationship with respect to 
the initial Bl pulse. Such an approach, besides being complicated, is only suitable for 
specific pulse types, specifically 90° pulses and 180° pulses. 



An object of the present invention is to provide a magnetic resonance imaging 
system of the kind mentioned in the opening paragraph in which the homogeneity of the B 1 
field is improved with relatively simple means. 

In order to achieve said object, a magnetic resonance imaging (MRI) system in 
accordance with the present invention is characterized in that the individual coil drive signals 
are generated by the coil drive circuit so as to have a substantially identical shape, the system 
having controllable means for individually setting the amplitude and/or phase of each of said 
coil drive signals, and a controller for controlling said controllable means. In an MRI system 
according to the invention the transmit means comprise at least two transmit antennas or 
coils. The individual antennas are driven by an RF pulse derived from one basic signal, but 
weighted by individual weighing factors, in such a way that the resultant overall B 1 field is 
substantially homogeneous within the volume of interest. 



25 These and other aspects, features and advantages of the present invention will 

be further explained by the following description of the present invention with reference to 
the drawings, in which corresponding reference numerals indicate corresponding or similar 
parts, and in which: 

Fig. 1 schematically illustrates an arrangement of two coils and the resultant 
30 magnetic field in an object space; 

Fig. 2 is comparable to fig. 1, illustrating the effect of the invention on the 
homogeneity of the magnetic field; and 

Fig. 3 is a block diagram schematically mustrating an embodiment of a coil 

drive circuit. 
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Fig. 1 schematically illustrates an MRI system 1 according to the invention 
which is used to form images of the intestines of, for example, a human body by means of 
5 nuclear magnetic resonance (NMR) techniques. The MM system 1 has an object space 2 for 
receiving an object 3 to be examined. The MRI system 1 also comprises a main magnet 
system for generating a main magnetic field in the object space 2, and a gradient magnet 
system for generating gradients of the main magnetic field in the object space 2. The main 
magnet system and the gradient magnet system are not shown in Fig. 1 because the exact 

10 structure and details of the main magnet system and the gradient magnet system are not 

relevant for me present invention. The main magnet system and the gradient magnet system 
may be of a kind known to and generally used by a person skilled in the art of magnetic 
resonance imaging systems. The MRI system 1 comprises first and second transmit antennas 
1 1 and 12, hereinafter indicated briefly as "coils", each designed for generating an RF 

15 magnetic field. The two coils 1 1 and 12 are located on opposite sides of the object space 2. 
An object located in the object space 2 is generally indicated by the reference 3; this object 
may for instance be a human body. An object part within the object 3 is generally indicated 
by the reference 4; this object part may for instance be a human liver. In the following 
explanation it is assumed that it is desired to obtain an image of the liver of a human being; 

20 thus, a volume of interest 5 is defined by object part 4. The volume of interest 5 may in 

principle be identical to the volume occupied by the liver, but in mis case, for easy reference, 
me volume of interest 5 is taken to be slightly larger than the volume of the fiver 4. 

Fig. 1 also shows a graph containing curves 21 and 22 indicating the local 
field strength of the magnetic field generated by the first coil 1 1 and the second coil 12, 

25 respectively. The horizontal axis of this graph indicates location and is aligned with the 
schematic drawing of the MRI system 1. 

It can clearly be seen from the curve 21 of this graph that the first coil 11 
generates a non-homogeneous field having its highest intensity coinciding with the location 
of the first coil 1 1 and generally decreasing with distance. Especially the magnetic field 

30 generated by the first coil 1 1 is not homogeneous at the location of the volume of interest 5 
(see part 21a of the curve 21). 

Likewise, it can clearly be seen from the curve 22 of this graph that the second 
coil 12 generates a non-homogeneous field having its highest intensity coinciding with the 
location of the second coil 12 and generally decreasing with distance. Especially the 



magnetic field generated by the second coil 12 is not homogeneous at the location of the 
volume of interest 5 (see part 22a of the curve 22). 

It is noted that, in this example, the curves 21 and 22 are identical; however, 
although such is preferred, it is not essential for the present invention. 
5 The overall Bl field generated by the coils 1 1 and 12, i.e. a direct summation 

of the fields 21 and 22, is shown at 20 in the graph of Fig. 1. In the state of the art, both coils 
1 1 and 12 generate the same field strength, i.e. they receive substantially the same amount of 
power, as illustrated by the curve 20. It can clearly be seen in this case that the Bl field 20 is 
not homogeneous at the location of the volume of interest 5 (see part 20a of the curve 20). 

10 The B 1 field 20 has a rninimum, around which the B 1 field is substantially homogeneous, but 
this minimu m has a fixed location within the object space 2, which location does not 
necessarily correspond to the location of the volume of interest 5. 

Fig. 2 is comparable to Fig. 1, except that the graph illustrates a situation 
where the overall power applied to the coils is redistributed such that the first coil 1 1 receives 

1 5 more power and the second coil 12 receives less power as indicated by the first field curve 2 1 
which is raised and the second field curve 22 which is lowered relative to their positions in 
figure 1 . The redistribution of power can be done such mat the overall amount of power 
remains the same. According to the principles of the present invention, the redistribution of 
power is done in such a way that the Bl field 20 is as homogeneous as possible at the 

20 location of the volume of interest 5 (see part 20b of the curve 20). 

It is noted that in the example of the Figs. 1 and 2 two coils 1 1 and 12 are used 
for illustrating the principles of the present invention. However, the present invention is not 
restricted to the use of two coils; in met, the number of coils may be any number larger than 
one, although in practice the number will not be very large. 

25 ft is further noted that in the above example only the effect of relative 

amplification/attenuation of the two coil signals is discussed. In practice it may also be 
appropriate to introduce a relative phase shift between the two coil signals in order to 
compensate for relative delays caused by differences in propagation velocity of the field in 
the object under observation. 

30 Fig. 3 schematically illustrates an embodiment of a coil drive circuit 1 00 for 

implementing me above coil drive method in theMRI system 1 . A signal generator 101 
generates a basic signal S B . If required, an amplifier 102 amplifies this basic signal S B ; such 
an amplifier may also be incorporated in the signal generator 101. Since such a signal 
generator for generating a basic nuclear magnetic resonance (NMR) drive signal is 
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commonly known and the present invention can be implemented using a prior art signal 
generator, it is not necessary here to discuss the design of such a generator in more detail. 
Moreover, since a suitable shape of a basic NMR drive signal is known to persons skilled in 
this art, it is not necessary either to discuss such a shape in more detail. 

The coil drive circuit 1 00 comprises a plurality of coil drive branches 1 10, 
120, etc for driving the plurality of coils 1 1, 12, etc. In this example only two coils 1 1 and 12 
are discussed; therefore, only two corresponding branches 110, 120 are shown. Each coil 
drive branch 110, 120 comprises a series arrangement of a controllable amphfier/attenuator 
1 1 1, 121 and a controllable phase shifter 1 12, 122, controlled by a controller 103 which has 
an associated memory 104. In the example shown, the phase shifter is always arranged 
behind the amplifier, but this order may also be reversed. 

Each branch 110, 120 has its input side (in mis case the input of 
amplifier/attenuator 111, 121) coupled to the output of the generator amplifier 102. Each 
amplifier/ attenuator 111,121 amplifies or attenuates its input signal with a gain factor Gl , 
G2 under the control of the controller 103 so as to provide an amplified signal Sbai = G1-S B 
and S BA 2 = G2-S B , respectively. Each phase shifter 1 12, 122 generates an output signal S m 
and S D2 , respectively, which is substantially identical to its input signal Sbai and S B A2> 
respectively, but delayed by a delay 61, 62 under the control of the controller 103. The output 
signals S D i and S D 2, respectively, are applied to the coils 11 and 12, respectively. Thus, the 
coils 1 1, 12 are driven by coil drive signals S D1 , S D 2, respectively, which can be written as: 
S D i(t+6l) = Gl-S B (t) 
S D2 (t+62) = G2-S B (t) 
wherein t represents time. 

The controller 103 is designed to control the gain Gl and G2 applied by 
amplifier/attenuator 1 1 1 and 121, respectively, and the phase shifts 61 and 62 applied by the 
phase shifter 1 12 and 122, respectively, in such a way that the coils 1 1, 12 receiving said 
output signals S DI (t+51) = GlS B (t) and S D2 (H-52) - G2 S B (t), respectively, generate 
magnetic field contributions 21, 22 such that the resultant overall magnetic field 20 is as 
homogsneous as possible in the volume of interest 5 (see 22b in Fig. 2). In order to enable the 
controller 103 to do so, the memory 104 contains information on the field characteristics of 
each coil 1 1, 12 (curves 21, 22 in Fig. 1) as well as information on field distortions caused by 
the object 3 in the object space 2. The controller 103 also has a user input 105, allowing a 
user to input a selection of an object part 4 of the object 3. For instance, if the object 3 is a 
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human body, the user can for instance select the liver or the stomach or any other organ as 
object part of interest. Based on this input information, and on the information in the memory 
104, the controller 103 sets the gains Gl, G2 and the phase shifts 5 1, 52 such mat the overall 
Bl field in the selected object part of interest is substantially homogeneous. 
5 It is noted that the present invention does not necessarily aim to improve the 

homogeneity in the entire object space 2. Instead, the present invention aims to improve the 
homogeneity of the resultant overall Bl field in a volume of interest. To this end, the present 
invention provides an MRI system 1 which comprises a plurality of transmit coils 1 1, 12. 
Each coil receives a coil drive signal S D1 , S D 2 from a coil drive branch 1 1 0, 1 20. According 

10 to an important aspect of the present invention, each coil drive branch 1 10, 120 receives the 
same input signal from a signal generator 101, so that all coils 11,12 receive electrical signal 
pulses having the same shape, be it that the electrical signal pulses from different coils may 
have a different amplitude and a different phase, controlled by a controller 103 on the basis 
of characteristic information in a memory 104 as well as user input information. The 

1 5 controller is designed to set the respective amplitudes and phases in such a way that the 
resultant overall Bl field is as homogeneous as possible in the volume of interest. 

It is further noted that the "degree of success" of the control action by the 
controller 103 depends on circumstances. Generally speaking, the smaller the size of the 
volume of interest 5, the better the homogeneity of the Bl field will be. At any rate, the 

20 present invention succeeds in providing a homogeneity better than if all coils were driven 
with the same amplitude and phase. 

It should be clear to a person skilled in the art that the present invention is not 
limited to the exemplary embodiments discussed above, but that various variations and 
modifications are possible within the protective scope of the invention as defined in the 

25 appended claims. For instance, although the volume of interest in the Figs. 1 and 2 is shown 
as a 2D surface, the present invention is not restricted to 2D volumes; instead, the volume of 
interest may be a ID volume or a 3D volume. 
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1 . A magnetic resonance imaging (MSI) system ( 1 ) comprising: 
an object space (2) for receiving an object (3) to be examined; 

a main magnet system for generating a main magnetic field in the object 

space; 

5 - a gradient magnet system for generating gradients of the main magnetic field 

in the object space; 

aplurality of transmit coils (11, 12) located adjacent the object space (2); 
a coil drive circuit (1 00) for generating a plurality of individual coil drive 
signals (Sm, Sdz), 

1 0 characterized in that the individual coil drive signals (S D i, S D 2) are generated by the coil drive 
circuit (100) so as to have a substantially identical shape, the system (1) having controllable 
means (110, 120) for individually setting the amplitude and/or phase of each of said coil 
drive signals Sdi, Sd2)> and a controller (103) for controlling said controllable means (1 10, 
120). 

15 

2. An MRI system (1) as claimed in claim 1, characterized in that said controller 
(103) has a user input (105) for receiving a user input signal defining or selecting a volume of 
interest (5) within said object space (2). 

20 3. An MRI system (1) as claimed in claim 1, characterized in that said coil drive 

circuit (100) comprises a signal generator (101) for generating a basic signal (S B ) and a 
plurality of coil drive branches (1 10, 120) for driving a respective one of the plurality of coils 
(11, 12), said drive branches being coupled to receive input signals derived from or identical 
to said basic signal (Sb). 

25 

4. An MRI system as claimed in claim 3, characterized in that each coil drive 

branch (1 10, 120) has its input coupled to one output of said signal generator (101). 
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5. An MRI system (1) as claimed in claim 3, characterized in that said coil drive 
circuit (100) also comprises a basic amplifier (102) having an input connected to an output of 
said signal generator (101), each coil drive branch (1 10, 120) having its input coupled to one 
output of said basic amplifier (102). 

5 

6. An MRI system (1) as claimed in claim 3, characterized in that each coil drive 
branch (110, 120) comprises a controllable amplifier (111, 121). 

7. An MRI system (1) as claimed in claim 3, characterized in that each coil drive 
10 branch (1 10, 120) comprises a controllable phase shifter (112, 122). 

8. An MRI system (1) as claimed in claim 6 or 7, characterized in that said 
controller (103) is coupled to control said controllable amplifier (111,112) and/or said 
controllable phase shifter (1 12, 122). 

15 

9. An MRI system (1) as claimed in claim 8, characterized in that the system also 
comprises a memory (104), associated with said controller (103), for storing information on 
the field characteristics of each coil (1 1, 12) and for storing information on field distortions 
caused by an object (3) in the object space (2). 

20 

10. An MRI system as claimed in claim 9, characterized in that said controller 
(103) is designed to: 

receive input information at an input (105), said input information relating to a 

type of object (3) in the object space (2) and a selection of an object part (4); 
25 - read from said memory (104) individual field characteristics (21, 22) of the 

individual transmit coils (11, 12) as well as field distortion characteristics of the object (3) in 

the object space (2); 

control the settings of said controllable amplifier (1 1 1, 121) and/or the settings 

of said controllable phase shifter (1 12, 122), taking into account said information received at 
30 said input (105) as well as said information read from said memory (104), in such a way that, 

an overall magnetic field of improved homogeneity, is obtained in a predetennined volume of 

interest (5) corresponding to said object part (4). 
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11. An MRI system (1) as claimed in claim 10, characterized in that said 

controller (103) is designed to control the settings of said controllable amphfier (1 1 1, 121) 
and/or the settings of said controllable phase shifter (112, 122) in such a way that an overall 
magnetic field has a locally substantially constant magnitude at a location within said volume 
5 of interest (5), preferably at the center of said volume of interest (5). 
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